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INTRODUCTION
Seagrass meadows serve as nursery grounds for a host of fish and invertebrate species (Livingston 1984 , Bell et al. 1988 , Heck et al. 1989 , Howard et al. 1989 . Frequently, animal abundance in seagrass beds is correlated with certain measures of habitat complexity such as seagrass blade density or biomass, detrital biomass, leaf characteristics, or rhizome structure (01th et al. 1984 , Stoner & Lewis 1985 . In some cases, distribution patterns have been explained by active habitat choice by the subject species (Bell & Westoby 1986 , Stoner & Waite 1990 . Because seagrasses provide resident fauna with shelter, as well as nutrition, the hypothetical distribution based solely upon food distribution is confounded by differential survivorship. Numerous experimental studies have shown that seagrass structure reduces predation rates on invertebrates (e.g. Heck & Thoman 1981 , Wilson et al. 1990 , Smith & Herrnkind 1992 . Risk of predation decreases with size in many invertebrates, and larger individuals often inhabit broader ranges of habitats within nursery grounds (Jory & Iversen 1983 , Pohle et al. 1991 , Smith & Herrnkind 1992 .
Risk of predation may also be influenced by densitydependent phenomena. There is a large body of theoretical literature which suggests that aggregated individuals gain safety in numbers and suffer lower predation rates than do lone or randomly distributed individuals (Bertram 1978 , Pulliam & Caraco 1984 , Hager & Helfman 1991 . Aggregated distribution in the gastropods Strombus luhuanus (Catterall & Poiner 1983) and S. gigas (Stoner & Ray 1993) has been explained on the basis of intraspecific attraction, perhaps as an evolved response to predation.
In this study we examine the relative role of habitat quality and predation in the population distribution of a large, highly aggregated herbivorous gastropod, queen conch Strombus gigas, which is associated with seagrass meadows as a juvenile. Because earlier experiments have shown that queen conch juveniles are subject to density-dependent reductions in growth rate (Stoner 1989 ) and that they sometimes grow well in areas outside nursery aggregations, field experiments were designed to test the hypothesis that aggregation increases survivorship. Growth (as a measure of habitat quality) and survivorship were determined for juvenile conch both within and outside a well studied nursery aggregation in the central Bahamas toward the goal of understanding the underlying processes affecting distribution patterns of this gastropod.
STUDY AREA
The Exuma Cays island chain com- Norman's Pond COY prises more than 100 cays and rocks that extend northwest to southeast in the central Bahamas, dividing Exuma Sound to the east from the Great Bahama Bank to the west ( Fig. l a , b) . Water exchange occurs through numerous tidal inlets that separate the islands, creating extensive flow fields on the bank which are occupied by discrete aggregations of juvenile queen conch. Individual nurseries occur in the same general locations year after year (Wicklund et al. 1991 , A. W. Stoner unpubl. data) and vary 2.0 conch m-2 .
the 8 experimental stations
One such nursery occupies the seagrass (Thalassia testudinurn) portion of the Adderly tidal flow field located west of Lee StockThe selection of 8 stations for study reflects our intent ing Island in the southern Exumas. Like most juvenile to examine differential growth and survivorship within aggregations in the Exuma Cays, it is located near a and around the nursery area in terms of 2 different large sand bar in shallow water within 5 km of the perspectives: (1) seagrass structure and (2) the presExuma Sound inlet in moderate density seagrass ence or absence of juvenile conch. About 1 km south of (Stoner & Waite 1990 . On the flood the western point of Lee Stocking Island, the bottom tide, oceanic waters flow in an 'S'-shaped pattern becomes primarily seagrass with highest shoot density through Adderly Cut, over the aggregation, and westand biomass near mid-channel, grading to bare sand ward past Shark Rock (Fig. l b , c) . This particular nurson both sides (Stoner & Ray 1993) . Stns F1, F3, F5 & F7 ery area has been the subject of intensive study, and were located across the flow field, representing the conch density, size distribution, and movement patgradient from bare sand (Stn F1) to moderate density terns, as well as environmental characteristics, have seagrass with high green seagrass biomass and high been described in detail (Stoner & Ray 1993, Stoner et detrital seagrass biomass (Stn F?' ) ( Table 1) . .
these 4 stations, in addition to 3 others interspersed along the same line, comprised a gradient of Thalassia testudinum from 0 to 851 shoots m-' through a juvenile conch aggregation (Stoner & Waite 1990) . Stns A5, C5, E5, F5 & G5 were located down the middle of the flow field through moderate density seagrass. It was our intent that all down-field stations have the same seagrass density, ca 600 to 725 shoots m-', and that the cross-field stations reflect the seagrass gradient studied previously. In terms of presence or absence of juvenile conch, station selection also represented perpendicular transects through the juvenile conch aggregation. Preliminary observations in April 1991 showed that the aggregation was continuous and lay between Stns A5 & G5. Stns C5 & F5 represented areas of high conch density inside the aggregation; the 6 other stations (A5, E5, F1, F3, F7 & G5) were outside the aggregation, representing a range of seagrass characteristics. In June 1991, the aggregation narrowed in the middle forming 2 smaller sub-aggregations.
MATERIALS AND METHODS
Conch aggregation survey. A density and lengthfrequency survey of the natural conch aggregation was conducted June 3 to 7, 1991. At each station, all conch and potential conch predators (hermit crabs Petrochirus diogenes, apple murex Murex pomum and tulip snails Fasciolaria tulipa; Marshall 1992) were counted within 5 haphazardly placed circles (radius = 4 m; area = 50.3 m'). The first 50 conch encountered were measured for shell length (spire to siphonal canal). At each station where conch were sparse, a search was made for additional animals to provide length data.
Juvenile conch aggregations near Shark Rock tend to have boundaries beyond which densities decrease rapidly to zero (Stoner & Ray 1993) . On June 18, 1991 divers were towed systematically over the Shark Rock flow field to estimate the area within which conch were aggregated at a density >0.1 m-' (Fig. lc) . The aggregation periphery was buoyed, and buoy positions were determined using a Magellan Nav 1000 GPS (Global Positioning System) unit. All points were plotted on a small-scale map and digitized to calculate surface area occupied by the aggregation.
Enclosure experiments. Juvenile conch were maintained in 2 enclosures at each station from May 24 to August 14, 1991, to monitor growth rate, which is known to be a good indicator of habitat quality (Stoner & Sandt 1991) . Although conch derive most of their carbon from macroalgae and none from living Thalassia testudinum, habitat choice experiments have shown they actively select moderate density ?: testudinum over low and high densities, and over bare sand (Stoner & Waite 1990 . Cage locations at each station were selected to represent moderate density seagrass for the down flow field stations and a gradient from bare sand to high density seagrass across the flow field, with minimal intra-station differences. Cages (height = 0.3 m, diameter = 5 m, area ca 20 m') were constructed from green, plastic-coated wire screen (mesh size = 2.5 X 5 cm) and supported by reinforcement bars driven into the sediment. After all predators and wild conch were removed, 20 tagged conch (95 to 109 mm) were placed in each enclosure between 24 and 28 May 1991, creating a density of 1 conch m-'. Initial shell lengths were homogeneous (Cochran's test, p > 0.05) and not significantly different among the stations (l-way ANOVA: F(7,8, = 1.006, p = 0.490). White nylon net (2 X 2 cm mesh) was sewn across the cage tops to exclude predators. Early in this study, strong tidal currents caused severe erosion around the enclosures at sand Stn F1, allowing several conch to escape from cage no. 2. This cage was restocked with new conch on June 5, and a secondary fence was built around both cages to minimize erosion and to prevent predation by tulip snails, which were observed feeding on experimental conch through the wire mesh. Cages were checked periodically to close gaps and keep conch losses at a minimum.
The number of Thalassia testudinum shoots was counted before and after the experiment in each enclosure within 4 quadrats (25 X 25 cm) representative of the overall macrophyte cover in the cage area. Also, all seagrasses, macroalgae and detritus (senescent seagrass blades) within the quadrats were collected into 3 mm mesh nylon bags. Using only above-ground parts, macrophytes were sorted in the laboratory and dried at 80°C for approximately 24 h. Dry weight biomass (g m-2) was determined for living and detrital Thalassia testudinum and for green, non-calcareous algae.
At the beginning of the experiment before conch were added, 1 sediment core sample, 40 mm in diameter and 5 cm deep was taken within each cage for analysis of grain size, sorting coefficient, and organic content. Samples were dried at 80°C to constant mass, and ca 15 g were incinerated at 550°C for 4 h to determine organic content, quantified as the percent difference between dry weight and ash-free dry weight. Another sediment subsample was used to determine grain-size characteristics. Sand-sized particles were analyzed using standard dry sieve procedures (Folk 1966) . Product-moment statistics were generated for mean grain-size and sortedness according to McBride (1971) .
After 5 wk of growth, surviving experimental conch were measured for shell length. Dead or missing conch were replaced w~t h animals in the same size range to maintain density. It was our intent to examine growth of individuals over 2 consecutive periods; replacements added mid-experiment represented a different treatment and were not analysed during the second 5 wk of the experiment. To avoid the problem of pseudoreplication within cages (Hurlbert 1984) , the mean growth rate from each cage was used in the statistical analyses.
After 10 wk of growth, all original conch were again measured for shell length and frozen for condition analysis. After thawing, soft tissue was carefully removed from each shell, blotted dry, and weighed. Gut fullness was subjectively determined on a scale from 0 to 5, empty to greatly distended. Daily shell growth rates during Weeks 0 to 5 and Weeks 5 to 10 and final condition factor [wet weight (g) / shell length (mm); Stoner & Waite 19901 were calculated.
Forward stepwise multiple regression (Sokal & Rohlf 1981) was used to analyze the relationship between growth during both 5 wk periods and Thalassia testudinum shoot density, detritus, biomass, and green algae. In the model, alpha-to-enter and alpha-toremove were both 0.15; minimum tolerance for entry was 0.01.
Tether experiments. Tether experiments were conducted to measure relative predation rates among different habitats. Tethering prevents escape while allowing experimental animals to move and feed within the habitat under investigation [Barshaw & Able 1990 A comparison of growth rates of tethered conch with free-ranging conch over several weeks showed that tethering did not inhibit growth (Stoner & Davis 1994) .
Each experimental conch was measured and tethered with a white plastic cable-tie fastened around its shell spire and attached to a tether rod with thin monofilament line (7.5 kg test, 1 m long). Tether rods (ca 40 cm long) were made from stainless steel welding rods which were looped on 1 end, tagged with thin, numbered plastic tags, and pushed into the substrate leaving only the loop and tag visible. Tether rods were spaced 2 m apart, giving each conch ca 3 m2 of foraging area.
Concurrent with the enclosure experiment, tether experiments were run with 2 different size classes at each of the 8 stations during the summer, when predation rates were presumed highest (Marshal1 1992). All juveniles used in this study were collected from aggregations located west of Norman's Pond Cay or south of Lee Stocking Island (Fig. l b ) . Small conch were 60 to 80 mm, the smallest wild individuals available in sufficient numbers for the experiment. They were transplanted to the flow field May 1 to 9, 1991 and were monitored for survival 8, 16, 25 and 35 d after tethering. Large conch, 95 to 109 mm, were transplanted June 11 to 13, immediately after the small conch tethers were retrieved, and monitored at 8, 16, 25, 35 and 50 d. Experimental design was the same for each size class: at each station 40 tethered conch were arranged in 4 blocks of 10 conch, each block running parallel to the axis of the tidal flow field.
For each size class, initial shell lengths of tethered conch were compared among stations. Data were homogeneous (Cochran's test, p > 0.05). Small conch at Stn C5 (73 + 4 mm) were slightly larger than the experimental conch at Stn G5 (70 k 4 mm) (l-way ANOVA: F17,3101 = 2.206, p = 0.034; Tukey HSD pairwise comparison test, p = 0.015). However, the 3 mm difference in these 2 means was not deemed biologically significant, and all other stations were similar to one another. Large conch did not vary significantly in shell length among the stations (l-way ANOVA: F17,312) = 1.916, p = 0.067).
Another tether experiment was conducted 1 yr later when a change in wild juvenile conch distribution provided the opportunity to examine density-dependent mortality, partially controlled for site. Juvenile conch had consistently occupied Stn F5 in relatively high densities (0.26 to 0.69 conch m-2) since August 1989, but a survey in January 1992 showed density had substantially decreased to 0.02 * 0.01 conch m-' (unpubl. data). Using the same block design as earlier, we tethered small conch (60 to 80 mm) in May 1992 at Stn F5, from which conch had disappeared, and Stn A5, where they were never observed in abundance.
A tethered conch was considered killed by a predator if the shell was empty, inhabited by a hermit crab, or gone completely, leaving only an empty cable-tie or a severed line. Although the possibility of live conch escaping from or with their tethers cannot be ignored, the method has proven to be reliable (Marshal1 1992. Stoner & Davis 1994) . Furthermore, our purpose was to assess relative predation, and the chance of escape was equal among all treatments.
At the end of each tethering experiment all live conch were measured for shell length. All of them or a randomly selected subset of 10 from each station were frozen for condition analysis as described above for caged conch. External damage to empty shells and to those occupied by hermit crabs was recorded.
Variation in tether mortality rate was examined statistically for the first and final observations after the proportions of killed conch per block were arcsinetransformed. Data from an intermediate tether observation during both experiments were also analyzed. This intermediate day was the one on which the first block of tethers at any station reached 100 % mortality; by coincidence, this was the midpoint of the experiment (16 d for small conch and 25 d for large conch). We considered the rate at which tethered conch died during a limited time period because, if any such experiment is run long enough, all animals will be killed eventually, and their mortality curves will converge at 100 %.
The Games-Howell multiple comparison test was used to determine pairwise station differences in the mean proportions of dead conch on each date. This parametric test is robust with respect to variance heterogeneity (Day & Quinn 1989), which occurred in data sets from some dates in spite of arcsine transformations.
Forward stepwise multiple regression was used to analyze the relationship in both size classes between mean mortality and wild conch density, Thalassia testudinum shoot density, detritus, and green biomass for all 8 stations. In the model, alpha-to-enter and alphato-remove were both 0.15; minimum tolereance for entry was 0.01.
RESULTS

Station characteristics
Nested ANOVAs performed on Thalassia testudinum shoot counts = 0.645, p = 0.736), living, green
T testudinum detrital biomass (F(8,48) = 1.135, p = 0.357), and on green, non-calcareous algae (F(,,4,, = 0.580, p = 0.789) showed no intra-station differences. Therefore, the 4 quadrat values taken at the beginning of the experiment from each of the 2 cages were combined to describe the biomass characteristics at each station (Table 1) . Nested ANOVAs were again performed on 7: testudinum shoot counts (F(8,48) = 1.739, p = 0.1131, green T. testudinum = 0.285, p = 0.968), detritus (F(8,48) = 0.101, p = 0.999), and algae (F,,,,,, = 1.004, p = 0.446) data collected at the end of the cage experiment, and intra-station differences were not significant. Stns F1, F3, F5 & F7 had been selected to represent the cross flow-field gradient from bare sand to high seagrass biomass. Shoot counts and biomass were in fact lowest at Stn F1 and increased towards F5. Although Stns F5 and F? were similar to each other in terms of shoot counts, green Thalassia testudinum biomass was significantly higher at Stn F? because of longer blades. Stns A5, C5, E5, F5 & G5 were selected to represent the longitudinal axis of the flow field through medium density seagrass. Actual quadrat data indicated that the end stations (A5 & G5) were lower in shoot density and in green and detrital 'T: testudinum biomass than both aggregation centers (Stns C5 & F5) (Table 1) .
Thalassia testudinum detritus was patchy, with at least 3 times more weight occurring at Stn F? than at any other station (Table 1) . Green, non-calcareous algae was also patchy, with at least 14 times more weight occurring at Stns G5 and E5 than at any other station. Depth increased from Stn F1 to Stn F7 and decreased l m between Stns A5 and G5. Sediment grain-size at Stn F7 was the largest and most poorly sorted of all 8 stations. Organic content was highest at Stn F7 and lowest at Stn F1 (Table 1) .
Conch aggregation survey
In June 1991, the wild juvenile conch aggregation in the Adderly flow field comprised 2 distinct subaggregations (Fig. lc) . One extended from a point south of Stn A5 and ran parallel to the axis of the flow field for about 650 m. This sub-aggregation, with Stn C5 in the center, occupied ca 9.2 ha. The other, located between Stns E5 and G5, occupied ca 12.2 ha. Stn F5 was in the center of the aggregation, Stn F? was marginally included within the peripheries and Stn F1 was excluded. The 2 sub-aggregations present in June had, in late April 1991 (unpubl. data), formed 1 continuous population with a constriction near Stn E5.
Relatively high juvenile conch densities (10.40 conch m-') occurred at Stns C5 & F5 in 1991 ( (Fig' 2) . In the 
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greater than that observed in conch on bare sand, but the difference was not significant. However, during the second period, growth rates peaked at Stn F?. Growth was also variable in the down flow field dimension, through moderate density seagrass.
Stepwise multiple regression with 4 independent variables (algae and Thalassia testudinum shoot count, detritus, and green biomass) explained little of the variation in growth during the first 5 wk growth period. During the second growth period, green T testudinum biomass showed a significant positive relationship with growth rate (R2 = 0.559, p = 0.033). Growth rates of conch at 2 stations outside the aggregation (Stns A5 & E5) were not significantly different from those of conch at 2 stations inside the aggregation (Stns C5 & F5). At another station outside the aggregation (Stn G5) growth rates were, however, consistently low (0.036 to 0.037 mm d-l), never more than % the growth rate of conch at all other stations except Stn F1, but not significantly different from 1 of the 2 stations inside the aggregation during each growth period.
Condition factors of conch in both flow field dimensions were not significantly different, except Stn A5 conch had higher condition factors than those at Stn F1 (Table 3) . Mean gut fullness values, though subjective, paralleled the condition factor results.
Tether experiments
The mean number of dead conch per tether block at each station is shown by observation day in Fig. 3a (small conch) and Fig. 3b (large conch) . Across the flow field gradient, from bare sand (Stn F1) to dense Peaks in mortality occurred at Stns E5, A5 & G5, stations which were outside the edges of the population boundaries (Fig. lc) . The latter 2 stations also had lower Thalassia testudinum density, green biomass, and detritus than the 2 stations inside the aggregation (Stns C5 & F5) . Although the large conch on bare sand at Stn F1 fared better than the small over time, none survived to Day 50 (Fig. 3b) . Over half survived, however, at Stns F3 & F5. All the large conch at Stn A5 were killed in 35 d, while more than half were alive on Day 50 at Stns C5, E5 & F5. The secondary peak in small conch mortality at Stn E5 was not observed in large conch, and station differences for the large conch were minimal except at Stns A5 & F1 (Fig. 3a, b) . Predation-induced mortality is known to decrease with increasing conch size as individuals reach a size refuge (Jory & Iverson 1983 , Appeldoorn 1984 , Iverson et al. 1986 ).
Mortality was always significantly higher at Stn A5 than at Stns C5 & F5 (Fig. 3a, b) . The same was true for mortality at Stn F1 except in the large conch on Days 8 and 25. Again, Stns A5 & F1 were located well outside the peripheries of the wild aggregation, and Stns C5 & F5 were inside.
Wild conch density at the 8 stations accounted for most of the variation in tether mortality in both size classes, but moreso for small conch (R2 = 0.890, p < 0.001) than for large (R2 = 0.452, p = 0.068) [variables were loglo(mortality) and loglo(density + l)] (Fig. 4) . Using conch density and Thalassia testudinum detritus, green biomass and shoot counts as independent variables, stepwise multiple regression showed that mortality of both size classes was significantly correlated only with conch density, and the correlation was negative.
In the 1992 tether experiment we reexamined mortality at Stns A5 (where wild conch density was S0.01 in both 1991 and 1992) and F5 (where wild conch \ density had decreased from 0.56 conch m-2 in 1991 to 0.09 in 1992). Small conch at Stn F5 were killed at a higher rate in 1992 than in 1991 on each of the for all 4 comparisons) (Fig. 5) . At Stn A5, mortality was higher in 1992 on Days 8 & 16 (p < 0.04 in both cases), but there At most stations for which data were available, average growth for tethered conch of both sizes was ca 0.1 mm d-' (Table 4 ). There are no growth data from Stns A5 & F1 because all conch were killed by the end of the tethering experiment. Growth rates for both size classes were highest at Stns F3 & F5 and lowest at Stns F7 & G5. Although data were not designed for a statistical comparison between large tethered conch and caged conch, inspection of the means suggests an unusual difference at station Stn F7, where conch growth in cages was high but low on tethers. There were no significant differences in condition factor of small conch among stations. In the larger size class, condition factor was low at Stn F?.
The density survey of wild conch and suspected conch predators showed high hermit crab densities at Stn C5 (0.76 m-2) but low densities at Stn F5 (0.02 m-2), the other station inside the aggregation (Table 2) . Apple murex densities were low (50.02 m-2) at every station. Motile predators such as crabs and lobsters also occurred in the area; these were not quantified. Although only 1 tulip snail, at Stn E5, was encountered during the quantified density survey, this carnivorous species was an important predator during this study. Individuals were observed attacking small tethered conch on 3 separate occasions at Stns F3, F7 & G5, large tethered conch on 2 separate occasions at Stn F1, and caged conch through the wire mesh at Stn F1.
Tethered shells that were hardly damaged or only chipped along the growing edge (ca 62 % of small killed conch and ca 4 1 % of large killed conch) could have been killed by tulip snails or hermit crabs. Species of Fasciolana lack a drill apparatus and overcome prey using forceful introduction of the proboscis and radula (Wells 1958) , leaving an undamaged shell (Jory 1982 Table 4 . Strombus gigas. Growth rates, condition factor, and gut fullness for small and large tethered conch. Values are mean f SD (n); n for gutfullness is the same as for condition factor. Hermit crabs can also lull conch without damaging the shell, though Jory (1982) speculated that they were not as frequent a predator as tulip snails in the Berry Islands, Bahamas. Although 96 % of the dead tethered conch remaining at the end of the experiments were occupied by hermit crabs, hermit crabs were not necessanly the predators. A portunid crab was observed feeding on a large tethered conch at Stn F1, and the apertures of 7 small conch (from Stns A5, E5, F1 & F5) had several mm of shell aperture peeled back along the spire. This type of shell damage is typical of that inflicted by spiny lobster (Randall 1964 , Vermeij 1978 , Davis 1992 ) and crabs of the genus Calappa (Vermeij 1982) . Several small shells and a few large ones had a large piece removed from the aperture, and 8 large conch at Stn A5 were found lacking opercula while still alive. No conch shells were observed with drilled holes, which are made by octopods or muricid gastropods (Jory & Iverson 1983) . Crushed shells were found only rarely around those tethers without shells, suggesting that most of the shells which were gone completely (ca 18 % small killed conch and ca 19 % large killed conch) had been cut from their lines and carried away by large, motile predators. Table 5 summarizes relative mortality, growth rates, and availability of alternative prey at each of the 8 stations.
DISCUSSION
Habitat effects on conch growth
Enclosure experiments showed that seagrass characteristics are poor predictors of habitat suitability for juvenile queen conch growth. In areas unoccupied by conch, both high and low growth rates have been observed in moderate density Thalassia testudinum (Stoner & Sandt 1991) , while high growth rates have been found in areas of low and low-moderate Thalassia testudinum density (this study, Stns F3 & A5). In fact, conch grew at a rate > 0.1 mm d-' at every station in the Shark Rock flow field except on bare sand (Stn F1) and at the western-most station (Stn G5). Condition factor and gut fullness were similar among all 8 stations except between Stns A5 and F1. Juvenile queen conch apparently occupy only portions of the nutritionally-suitable seagrass habitat available, and factors relating to predation appear to play a more influential role in their distribution.
Habitat effects on conch survivorship
Juvenile queen conch can discern and choose among different habitats. They actively select moderate density seagrass over bare sand and over both low and high density seagrass (Stoner & Waite 1990) . Structurally complex habitats generally harbor higher animal densities than non-vegetated areas (Cooper & Crowder 1979 , Heck et al. 1989 , Schneider & Mann 1991 , though predation may (Gotceitas & Colgan 1989) or may not (Nelson & Bonsdorff 1990 , Worthington et al. 1992 reach a threshold at increased habitat complexity.
In this study, mortality across the flow field gradient was high on bare sand, minimal in moderate seagrass biomass, and similar between high seagrass biomass and bare sand, suggesting a non-linear relationship between survivorship and seagrass structure rather than a linear relationship and a threshold at a certain , and young conch may be hampered by high levels of seagrass structure in their efforts to move away from predators (Randall 1964 , Stoner & Waite 1990 , Marshal1 1992 .
High density seagrass and detritus may also harbor high densities of predators. As in the case with high abundances of ophiuroids (Aronson 1989) , juvenile conch may be inhabiting certain areas because they are relatively free of predators. However, this is unlikely, given the presence of tulip snails, hermit crabs, and highly motile predators such as sharks and lobsters (Marshal1 1992; see also Table 2 ) and the relative uniformity of habitat down the flow field.
It may be argued that conch tethered at Stn F?, where Thalassia testudinurn biomass was highest, were at a nutritional disadvantage compared with enclosed conch at the same station because conch growth rates on tethers were relatively low (0.05 to 0.06 vs 0.12 to 0.20 mm d-l). However, tethered conch clearly did not starve, and this dissimilarity points to the importance of combining different experimental methods in evaluating habitat quality.
Only in the down flow field dimension can mortality be examined relatively independently of seagrass density, although high mortality at the extreme stations, Stns A5 & G5, may partially reflect their low-moderate Thalassia testudinurn shoot density, green biomass, and detritus, compared with higher values at Stns C5 & F5. Nevertheless, any relationship between mortality and seagrass structure in both dimensions was driven by conch density.
Density-dependent effects
The correlation between wild conch density and proportional mortality on tethers was negative and highly significant. Mortalities were highest at no-conch Stns F1 & A5, and lowest at the 2 stations inside the aggregation. Individuals outside the aggregation were clearly at a disadvantage, although being beyond but close to the aggregation may have conferred some benefit. For example, mortality at a third no-conch station, Stn F3, was lower than at either Stns F1 or A5, probably because Stn F3 was physically closer to a high density conch area. Similarly, Marshal1 (1992) found tethered conch mortality to be low inside 2 different aggregations and high 350 m outside them, but results were variable with conch tethered only 50 m from the aggregation. Furthermore, densitydependence in predation rate was shown by the significant increase in mortality between 1991 and 1992 at Stn F5, from which the conch aggregation disappeared over the year. Not surprisingly, mortality remained the same at Stn AS, where resident conch were never abundant.
Our results suggest that conch gain safety in numbers, i.e. the probability of being preyed upon is inversely related to the number of alternative prey available. Although relatively slow-moving animals, conch are capable of escaping predators by 'leaping' away on their opercula. Alternatively, clam species, with low mobility, exhibit low-density refuges (Boulding & Hay 1984 , Sponaugle & Lawton 1990 , Mansour & Lipcius 1991 . Reduced predator foraging efficiency at low prey density, substrate type and heterogeneity, and different behaviors shown by different predators are factors affecting mortality of these sedentary bivalves (Sponaugle & Lawton 1990), and variation in response to predation clearly exists among molluscs.
Catterall & Poiner (1983) found intraspecific attraction to be a n important factor in mediating distribution of Strornbus luhuanus which, like S. gigas, also occupies only portions of broad areas of suitable habitat. A prey species may choose safer conditions (i.e. shelter in the form of vegetation or conspecifics), in which food is less abundant, over a more 'profitable', but less safe situation, compromising maximum feeding and growth rates for reduced risk of predation (Folt 1987 , Werner & Hall 1988 . Mussels living in relatively large clumps exhibit both lower growth rates and lower mortality than those living in smaller clumps (Lin 1989a, b) . Conch also exhibit low growth at very high densities (4 to 8 conch m-'; Stoner 1989), though in this study, conch enclosed at a density of 1 m-2 at the 2 stations inside the aggregation did not sacrifice growth rates, which were comparable to some stations outside the aggregation. Tethered conch, however, clearly gained an advantage by being surrounded by other conch, suggesting that conch achieve a balance between growth and survivorship.
CONCLUSIONS
Juvenile conch distribution is influenced by complex interactions between intraspecific competition (i.e. density-dependent decreases in growth shown by Stoner 1989 ) and density-dependent increases in survivorship (Marshal1 1992, this study). Although individuals may exhibit high growth rates when separated from conspecifics and not subject to competition for food, predation will most certainly be higher. Large-scale distribution of conch nurseries appears to be determined by food productivity, physical characteristics (sediment, distance from inlets and sand bars, depth, etc.), and the physical processes affecting them (wind, tides, current) , wh~le smallscale distribution is greatly influenced by densitydependent phenomena including aggregation and predation.
